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1 
The invention relates te a valve oscillator ïor 
producing oscillations of adjustable ïrequency, 
comprising a back-coupled amplifier, the fre- 
quency of the oscillations produced being deter- 
mined by a phase-shifting feedback network  
composed of reactances oï identical kind and oï 
ohmic resistances. In accordance with the na- 
ture of the reactances said oscillators are re- 
ferred te as RG- or as lIJ-oscillators. 
An example of such an oscillator is illustrated 10 
in Fig. 1 of the accompanying drawing, with ref- 
erence te which the operation will be set out 
and explained. The output terminals ! and 2 
of an amplifier 8 are connected te a network 4, 
which is shown te comprise resistances and con- 15 
densers. This network is shown te comprise two 
members. The fLrst, upper member comprises 
the series combination oï a resistance 5 and a 
condenser 6 and the second, lower member com- 
prises the parallel-combination of a resistance 20 
7 and a condenser 8. The two members are con- 
nected in series between the output terminals of 
the amplifier. The voltage across the member 
ïormed by 7 and 8 is supplied te the input ter- 
minals 9 and |0 of the amplifier. The feedback 25 
network 4 may be regarded here as a potentiom- 
eter. If if is assured that phase-shift does net 
occur in the amplifier 8 for the generated fre- 
quency and if the resistances 5 and ] are desig- 
nated R1 and 12 respectively and the condensers 0 
 and 8 CI and C2 respectively, the frequency 
produced is round to be: 
I 
As is well known, for this frequency the input 
voltage of the amplifier, that is fo say the volt- 
age across the member formed by  and 8 is 
either in phase or in phase-opposition with the 
output voltage oï the amplifier, that is fo say 0 
with the voltage across the entire network. Apart 
from the value of the frequency produced, the 
so-called voltage partition ratio Z of the net- 
work 4 is furthermore essential which is the 
ratio between the voltage across the lower mem-  
ber and that across the .two members together. 
If ----2 and C----C2, the volage-partition ratio 
for the network shown Z is equal fo 
I 
 50 
In this case, the amplification of the amplifier 
must not be smalier than the reverse thereoï, 
which is . Generally, the amplifier is designed 
for a considerably greater amplification, which Is 55 
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2 
reduced te the correct value by  negative feed- 
back. As is well known, when oscillations are 
produced, the amplitude of the oscillations is al- 
ways adusted te be such that the amplification 
has precisely a value which is equal te the con- 
verse of the voltage-partition ratio of the net- 
work employed. 
The frequency of the oscillations produced may 
be adusted by variation of the value oï one or 
more oï the elements 5, 6,  and 9. If a large 
frequency range is desired, the condensers  and 
8, for example, are arranged se as te be variable 
continuously and the resistances 5 and  se as te 
be variable in a number of steps a number of 
frequency bands being thus obtained which is 
equal te the number of said steps and the ïre- 
quency being thus adapted te be adjusted wth- 
in each hand by variation of the condensers. As 
an alternative, the value of the condensers may, 
of course, be varied stepwise and the value of 
the resistances continuously. Alternatively, such 
an oscillator is adapted te operate with induct- 
ances instead oï with condensers. 
It is often desirable that apart from the pos- 
sibility of adjusting the frequency a possibility 
of producing a given detuning of.this frequency 
should be avaflable. In some cases it wfll be 
suflicient that a fixed detuning can be provided 
but in general also this detuning will be required 
te be capable of being varied continuously, if 
being desirable that the detuning which is either 
fixed or adustable, should vary, with the ad- 
usted frequency in such manner that the ratio 
between the detuning provided and the frequency 
adjusted is independent oï the frequency ad- 
justed, the detuning being consequently expressed 
in a relative measure, hence, for example, in per- 
cent, of the adjusted ïrequency or in musical in- 
tervals calculated from the adjusted frequency 
and irrespective thereoï. Such a possibility oï 
detuning considerably simplifies ïrequent meas- 
urements, such as ascertaining the circuit qual- 
ity, plotting of resonance curves. 
For this purpose one oï the resistances or re- 
actances oï the network might be provi,ded te 
be variable. Obviously, those elements which 
already must be arranged se as te be variable 
ïor adustment of the frequency in each oï the 
,bands canner be used for this purpose. How- 
ever, in each of the bands required for obtain- 
ing a suiïiciently large ïrequency range the other 
elements have a different value. The diffIculty 
might be solved by realising, for example, re- 
sistance 7 in the example shown in Fig. 1, as a 
potentiomëter ïor each of the bands. Apart 
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from the cost entailed thereby, there is a fur- 
ther disadvantage, since it is round that this 
variation of the resistance 7 affects the voltage- 
partition ratio Z of the network. On adjust- 
ment of the detuning, this ratio will consequently 5 
change and the amplifier 3 wfil be adjusted fo 
an amplification which corresponds with this 
changed ratio. If is Ïound fo ,be attended by a 
variation of the value of the adjusted amplitude  
and this is undesirable. This disadvantage may I0 
be obviated by varying resistance 5 in the saine 
sense as resistance 7 but-for .realising-the,de- 
sired possibility of detuning :described .above 
this would entail the necessity öf providing two 
potentiometers for each hand. In view of the 15 
large number of bands required.to,ensure_a suf 
ficiently large frequency range, this cannot, be 
carried out from considerations oÏ cost .and 
space. 
 This invention pro_vides a valve oscfllator with 20 
which the ,above disadvantages areobviated and 
the_starting,point is formed.,bya valve oscfllator 
.as ,referred to in the preambte,%he-feedback 
ne£work of vhich .consists of two members, ,the 
first Of wliich comprises the series com]sination 25 
of an ohmic resistance 1 and a reactance X, and 
_the second of which comprises the parallelcom- 
bination of an ohmic resistance pl. and-a 
actance 
X 3O 
:the- two members- being.connected in series 
tween:the output-terminats of the amplifier, and 
'the second member -being connected between "35 
the input-terminals of the-amplifier. 
The ,invention .exhi, bits the feature thatAn the 
second- member of 'the -network  in series, with the 
ohmic"resistance and ,with the..reactance re- 
-spectielya voltage AE and A2E ,respectively are 40 
-effective,..each" " of .said voltages. exhibiting ' a 
phaseshift of a whole .multiple-of 180 ° relatively 
fo the voltage E across the entire netwórk and 
]seing adapted robe varied-in such manner ,that 
t2ïe" value of 45 
-remains at-least-substantially unvaried 
As-witLbe:explained_ morefully his-resutts in '50 
the said oossibility .of" detuning being obtained 
ad in%hecase - of- variation' vf the detuning-by 
simultaneous variation--of- Ax and :A2-in-"such 
manner-that - 
remains -constant) the voltagepartition-ratio z 
.of-he-network, 'and hencealso the amplitude, 
remNning -constant. ' 
In- order, that the invention --may ]se more 
ctearly understood-and readily carried into-ef- 
fect, it will now.bedescribed ,more fuHy with 
reference .fo theaccompanying drawing, of which 
Fig.-1, ,which .shows diagrammatically a known 
vlve oscitlatór, was already referred fo. 
Fig. 2 -shows a network'for use with a'valve 
osci!lator according 40, thë invention. 
F-ig. 3 shows diagrammatically a valve' oscil- 
latorconstr, ucted in-accordance with the.-in- 0 
vention. 
-The ...network-,shown qn.Fig 2 primaril, y-cor - 
responds-with that.used:,in the valve oscillator 
shown in. Fig. 1, 5 ,and: 'designates having 
välue i. and :#R, \ and 8 designate-similar- 
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actances having a value X and X/(z. Effective 
in series with the ohmic resistance  is a volt- 
age represented symbolically by an oscillator 
having a value AE. Effective in series with the 
reactance 8 is a voltage having a value AE, rep- 
resented symbolica]ly y an oscillator 2, E des- 
ignating the voltage across the-entiïe, network, 
and A and A2 having positive or negative val- 
ues and being usually small as compared with 
- one. 
The modulus of the voltage-partition ratio Z 
isthus found'.to be,.if higher powers of A and 
2 relatively ,to 1. are neglected: 
----(+-+« 
Conequenfly if A and  are varied sulta- 
neously in such manner that 
remins .constant, Z Iso remins constant nd 
riMon,oï ,the amplitude no onger occurs. If 
isïound th  simultneous vrition o A 
nd A, such th Z rems cotant results in 
 de£uning constn in, n bsolue morsure 
example in percent oI he djusted frequency) 
respective of the usd ,frequency. 
detuning _is-ffurthermore .oErecly proportionl 
fo the vriaion mde in A. nd, 
 the foregog the voltge sources 2fl.-nd 
2 l. re assed ,.fo, hve  n intel impence 
which ïs _negligible compred with the imped- 
nce of the elements  nd, 8. This conion 
 -my_be:redfly fulled in prcGce, ïor exemple 
inthe manner shown in Fig. 3. 
The voltges_troduced in.series with resist- 
nces 7 nd:  re derived here from he .voltge 
 E. . .hs he dntge th the voltges 
,AE nd AE re,supplied by the mplifier Ire 
wi1ble.. If : these voIges re reqred to be 
derived ,from, he, voltge E, this 'my beeffeced, 
for example, bynnecGng .seprte mplffier 
to:the loermember oI.the.nework o,I g.:2, 
sid' mplifier deriving he volges AE nd:E 
,from the said voltge E. .-b cse:sid:mpH- 
fier ..is, however, required fo hve .- input:,imr 
pednce .which is high s ,comçzed,with the:to 
members of the network, snce:oherwise the-fze 
.uency produced is ffected. - 
The 1veos.ci11r shown;in Fig.:3 comprises 
n mplffier 3ff. A network-334s coected cross 
he output termin. The vIve osci]ltor is 
rrnged for six bnds, one.oI wch is selected 
with the e of thecoupled swltches 3 und 
.In{ network the resistnces corresponding fo 
5 nd  oI Fig.,.2, are.equl nd cotructed 
vrible, in six steps.. The continuous djtmen 
.0ï, he ïrequency wihin ech.£requency .bd is 
_effeced-with _the use of idenMcl, .ooup1. con, 
densers 3 nd 3. wch_re .cotructed. fo .be 
coninuoly vrible. ïle,the.upper member 
of .the network 33. comprises_a series,,combinton 
oï.he condenser. 3and one.of_£he six resises 
38 the lower member comprises.a prallel com- 
binGon oï he condenser 3 and .one of the 
resistnces-39. e voltge cross_ the _lower 
member oï he network ]s-£ed:te £he 
minIs 0 nd I oI the mplifier 3ff. Coected 
cross he outpu terminIs of this mplifier is 
I the series combinion of n ohmc resis- 
nce 2 on .the one hnd and the pr11el com- 
bintion of .potenGometers 3-nd_ on the oth 
hand. Hence._the ter132 nd ech of:the 
two contact-arms= 5 nd ,$- 0f: id potentiom 
:eters hve, effective, beween-,them vrible volt- 
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ages which are in phase wittï the output voltage 
Of the amplifier and hence with the voltage E 
across the entire network. The contact arm 
is connected in the manner shown fo the variable 
condenser 37 and contact arm 45 fo the resist- 5 
ances 39. The voltages designated A1E .and AE 
are thus introduced.in series with the condenser 
37 and in series with the resistance 39 connected 
into .circuit for a defmite band respectively the 
contact arms 45 .and 45 of the potentiorneters be- 10 
ing mechanically coupled and these potentiorn- 
eters being of equal value. Since both lhe 
sistances and the reactances (in this case .con- 
densers) are identical «=p=l, so, that the con- 
dition f.or A1 and A2 becemes: A+A2 is corïstant. 15 
The illustrated arrangernen of he potentiorn- 
eters actually ensures that A+A2 is constant 
bore. By displacing the intercoupled potentiorn- 
eter arrn 45 and 46 if is thus possible fo produce 
a desired .detuning, the voltage-partition ratio 20 
remaining constant, as explained hereinbefore 
and hence also the .amplification of ihe amplifier 
36, so that variation of the adjusted .amplitude 
of the oscillations produced in the .case of varia- 
tion of the detuning is avoided. 25 
Iï one enibodiment the two potentiometers had 
a value of 4.4 ohms and the smallest of lhe 
sistances 39 had a value of 7k, the condenser 
also having an impedance of 7k for the gen- 
erated frequency, as follows from the formula: 30 
1 
,= or C 
and the condition that the input impedanceæ oï 
the voltage sources producing the voltages AE 35 
and h2E should be small as compared with %he 
impedances connected in series therewith was 
thereïore duly ïulfilled. 
2, valve oscillator according fo %his embodiment 
rnay thereïore be 9rovided hot only with u main 40 
scale which indicates the adjusted ïrequency in 
the absence of detuning and which may be cali- 
brated in cycles/sec, but also with a detuning 
scale on which the adjusted detuning is indi- 
cated, expressed in percent of the adjusted ïre- 
quency, in muslcal intervals calculated ïrom the 
adjusted ïrequency or in a different suitable rela- 
.tire measure related fo the adjusted ïrequency. 
The voltages AE and hE are supplied here by 
the amplifier provided in the oscillator but may 
be derived with the use oï a separate amplifier 
ïrom the voltage E' or the voltage E1. 
leïerring fo the embodiment shown in Fig. 3 
A+h is equal fo a Positive constan%, since 
(A+A)E is exactly equal fo the voltage across 
the two potentiometers. Since A and A2 do n.o.t 
become negative here (the introduced voltages 
being thus in phase opposioEion with E and E') 
the voltages AE and AzE are here both in Phase 
with E and E'. However, this is in no. sense 
essential. If AI+A is chosen fo be zero, the 
introduced voltages are invariably in phase oppo- 
sition. Even in the case of Fig. 3, in which 
A+A is positive if is possible 
or A negative so long as (A+A) remains con- 
s'tant and use may be made of a transformer for 
reversing the ,phase of either of the voltages 
AE and 
If (AA) is not rigorously constant but 
approximately constant, an improvement 
nevertheless ensured and the amplitude varia- 
tion resulting ïrom the detuning are already suf- 
ficiently small for many purposes. 
The potentiometers in Fig. 3 may be replaced 
by fixed resistances and this perrnits of intro- 
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. ducing a flxed detuning of, say 1% or a musical 
interval of the value of tlf a tone interval. 
What I claire is: 
1. An oscillation generator adjustable in ïre- 
quency comprising an arnplLfying device having 
input and output terrninals, a ïrequency-deter- 
mining regenerative network for said device ex- 
hibiting a variable phase-shift as a ïunction of 
ïrequency, said network including a first element 
constituted by a resistance having a value 
connected in series with a reactance having a 
value X and a second element constituted by a 
resistance having a value çR connected in paral- 
le1 with a reactance having a value 
X 
. the first and second elements being serially con- 
nected across said output terminals, the second 
element also being connected across saïd input 
terminals, the voltage developed across said out- 
put terrninals having a value E, and a systern to 
detune the generator ïrom the frequency ,of oscil- 
lation as deterrnined by said network, said sys- 
rem including means fo introduce into said second 
element in series with the resistance thereof a 
flrst voltage having a value A1E and to introduce 
in series with the reactance thereof a second 
voltage having .a value AE, said first and second 
voltages being shifted in phase a whole multiple 
of 180 degrees relative fo the voltage E, and 
means simultaneously fo vary the values of the 
first and second voltages so that the value of 
÷aA 
remains substantially unvaried. 
2. An oscillation generator adjustable in fre- 
quency comprising an arnplLfying device having 
input and output terrninals, a frequency-deter- 
mining regenerative network or said device ex- 
hibiting a variable phase-shift as a function of 
frequency, said network including a first element 
constituted by a resistance having a value R con- 
nected in series with a capacitance having a 
45 value X and a second element constituted by a 
resistance having a value tir connected in paral- 
lel with a capacitance having a value 
X 
G0 
the flrst and second elements being serially con- 
nected across said output terminals, the second 
element also being connected across said input 
terminals, the voltage developed across said out- 
 put terrninals having a value E, and a system to 
detune the generator ïrom the ïrequency o oscil- 
lation as determined by said network, said system 
including rneans to obtain ïrom the output ter- 
minals of said device a first voltage having a 
{}9 value AE and fo introduce said first voltage into 
said second element in series with the resistance 
thereof and fo obtain a second voltage having a 
value AE and to introduce said second, voltage 
into said second element in series with the 
 pacitance thereof, said first and second voltages 
being shifted in phase a whole multiple of 180 
degrees relative fo the voltage E, and means 
multaneously fo vary the values of the flrst and 
second voltages so that the value of 
remains substantially unvaried. 
3. An oscillation generator adjustable in fre- 
t5 quency comprising an ampliïying device having 



=In-iu,«a-nd output terminais,:ee:« frequeny=deter- 
mining,,regenerative.¢network- for :said  device 
hibiting a variable phase-shift.:a,a function of 
fre.quencF.said network: including,a first,.element 
:consfitutedbym.resistancehaving a value 
neeted:.in: s eries.with, a.reactance having:avs, lue 
 and»a seeond; element consttutedby a resistanoe 
hain, ga alue R.-connecd.in:parallêl with a 
: eactance,: havg, a 
bert d.eÇndelen: being-çeiatlY»cn- 
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whêrein:the:combined  oh .mic yalue.of..sa$d:s_er!es 
cormee£ed.potentiomeers-and- said::flxed::reisr 
,.is :$mall ,elafive :,fo the.,ohmi  ¢a!ue ::of 
. sistance:in, said second .element: « 
-.5. ,An...amrangement, :as set forth in:,ctaim»:3, 
.-whein .£he reactances :;said first and second 
etemen ae otitutedb.ariablecaDacrs 
-.anddher :cluing .:means imultaneol:  
adJ USidariable..capcirs. 
'. »HEKUSçHSO :SCH@TAS , " 
/RERENeS :CID: : 

nected across:said :OtlòUtuteîmnals, the» seco.Ild -Thè -follOwing references are of record inç the 
element ao being connected across said input 15 
retraçais, the voltage developed across said out- 
put terminals hang a value E, and a system fo ,ND 
.detu:,thegeneatrrom:the-fequencof, oscil- -Number, Name ,- :Date. 
:!atns;as deteined:.by:said.netwosaidsys- -2;t86OE1 = ale .............. .Jan«9,:l.940 
mdncding:a ed,resistorconnecd,in:,serles .20 :2»:4408 .... .tzt.: ............. June:,.9:1948  
,:wi.th:»a  pair :ofparallel: coecd potentiometers 
..oaid ouput terminabsaid pontiometers 'FORGN»PTENTS 
-e .:hg-. a mooEa, btetap-one of.:-whichis .con- Nuer :. : Contzy 
noet.:n.series:ith:the:resistance,.andheother ::52i14. Gret Br.ita ........ Aug,, :t940 
f:.eh:is eonneced;in« series:withthê,.reactance .:25 
.in:«a:second»element,:and means simulneot.y 
:;just the moablataps omsaid ntiomers. :Bqde,. Atrt 
:,,« ara.gement» as,set,4orth tin ..ela- -, 



